INTRODUCTION
In the 2014-2015 crop year, the United States, Brazil, Argentina, China, Paraguay, and India were the major global producers of soybeans, accounting for 92% of total world production and producing a total of 293.3 million t of soybeans (ASA, 2015) . The United States is the top soybean producer in the world, with a total production of 107 million t of soybeans in 2015. In the United States, soybean meal (SBM) is the most commonly used protein source ABSTRACT: An experiment was conducted to determine the apparent ileal digestibility (AID) and the standardized ileal digestibility (SID) by growing pigs of AA in soybean meal (SBM) produced in different regions of the United States. Twenty-two growing barrows (25.5 ± 1.73 kg) were fitted with a T-cannula near the distal ileum and allotted to a 22 × 8 Youden square design. Twenty-two sources of SBM were procured from soybean crushing plants located throughout the United States. For analysis, the crushing plant locations were separated into the following 3 zones: 1) Michigan, Minnesota, and South Dakota (n = 4); 2) Georgia, Illinois, Indiana, and Ohio (n = 11); and 3) Iowa, Missouri, and Nebraska (n = 7). Dietary treatments included 22 diets based on a mixture of cornstarch, sucrose, and each source of SBM as the sole source of CP. Results indicated that the concentration of most indispensable and dispensable AA in SBM were not different among zones. However, SBM from zone 2 had a greater (P < 0.05) concentration of Thr than SBM from zone 3 and a greater (P < 0.05) concentration of Gly than SBM from zone 1. The concentration of Tyr in SBM from zone 2 was also greater (P < 0.05) than in SBM from zones 1 and 3. However, if concentrations of AA were calculated as a percent of CP, there were no differences in the concentrations of indispensable and dispensable AA among SBM from the 3 zones. Likewise, the AID of CP and the AID of indispensable and dispensable AA were not different among SBM from the 3 zones. The SID of CP and most AA was also not different among SBM from the 3 zones. However, SBM from zone 3 had a greater (P < 0.05) SID of His, Asp, and Cys than SBM from zone 2, and SBM from zone 1 had a greater (P < 0.05) SID of Lys than SBM from zone 2. There was also a tendency (P < 0.10) for SBM from zone 3 to have a greater SID of Ile, Leu, Phe, Val, Ala, and Tyr than SBM from zone 2. If the concentrations of SID CP and AA were calculated as grams per kilogram, SBM among the 3 zones were not different with the exception that there was a tendency (P = 0.07) for SBM from zone 2 to contain more SID Thr and SID Tyr than SBM from zone 3. In conclusion, only a few differences in concentrations and digestibility of CP and AA exist among sources of SBM from different zones in the United States. These observations indicate that the protein value is not different among SBM produced in the United States regardless of the location of the crushing plants.
in swine diets (Shelton et al., 2001 ) and accounts for 26% of total SBM consumption (Stein et al., 2008) .
Soybeans grown in the northern United States have a decreased CP concentration compared with soybeans grown further south because of fewer growing days and fewer hours of sunlight (Dudley-Cash, 1999) . A decrease in growing days and hours of sunlight allows the soybean plant less time for N fixation and, therefore, reduced protein synthesis. Because traditional CP assays measure N content, these samples tend to have decreased CP values compared with SBM from other parts of the United States. However, the protein in SBM produced in the northern United States may sometimes have greater concentrations of indispensable AA (Grieshop et al., 2003) , but this is not always the case. Research has been conducted to compare the nutritional value of SBM produced in different parts of the world (Karr-Lilienthal et al., 2004; Wang et al., 2011; Ravindran et al., 2014) ; however, no research has been conducted to compare the digestibility of AA among SBM produced in different regions of the United States. Therefore, the objective of this experiment was to test the hypothesis that known differences in CP in soybeans grown in different areas of the United States will also result in differences in the quantities of digestible AA that are present in SBM produced from crushing plants located in different regions of the United States.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee at the University of Illinois reviewed and approved the protocol for the experiment. Twenty-two growing barrows (initial BW, 25.5 ± 1.73 kg) were fitted with a T-cannula near the distal ileum and allotted to a 22 × 8 Youden square design with 22 pigs and 8 periods. Pigs were placed in individual pens (1.2 by 1.5 m) that were equipped with a self-feeder, a nipple waterer, and a slatted tri-bar floor.
Twenty-two sources of SBM were procured from crushing facilities in different regions of the United States (Tables 1, 2, and 3; Appendix Table A1 ) in the spring and summer of 2012. The dietary treatments included 22 diets based on a mixture of cornstarch, sucrose, and each source of SBM, with SBM as the only source of AA in the diets (Table 4 ). Vitamins and minerals were included in all diets to meet or exceed the estimated nutrient requirements for growing pigs (NRC, 2012) . All diets were fed in meal form. Feed consumption was recorded daily, and individual pig weights were recorded at the beginning of each period to determine feed allowance during the period. Pigs were limit fed to 3 times their estimated energy requirement for maintenance (i.e., 197 kcal of ME/kg 0.60 ; NRC, 2012), but throughout the experiment, pigs had ad libitum access to water. The experiment had a total of 8 periods, with each period lasting 7 d. The first 5 d of each period were considered the adaptation period to the diet, whereas ileal digesta were collected for 8 h on d 6 and 7 of each period. A 225-mL plastic bag was attached to the cannula barrel using a cable tie and digesta flowing into the bag were collected. Bags were removed every 30 min, or whenever full, and replaced with a new bag. Digesta were stored at −20°C immediately after collection.
At the conclusion of the experiment, ileal digesta were thawed and mixed within animal and diet, and a subsample was collected for analysis. Samples of the diets and of each source of SBM were also collected. Ileal digesta were lyophilized and finely ground before analysis. Samples of diets, digesta, and SBM were analyzed for CP (method 990.03; AOAC International, 2007) and DM (method 930.15; AOAC International, 2007) . These samples were also analyzed for AA (method 982.30 E [a, b, c] ; AOAC International, 2007) at the Experiment Station Chemical Laboratories (University of Missouri, Columbus, MO), and diets and digesta samples were analyzed for chromium (method 990.08; AOAC International, 2007) at the same laboratory. Samples of SBM were analyzed for trypsin inhibitor concentration (method Ba 12-75; AOCS, 2006) .
Values for apparent ileal digestibility (AID) for CP and all AA in each diet were calculated according to Stein et al. (2007) . By correcting AID values for basal endogenous losses, values for the standardized ileal digestibility (SID) of CP and AA were calculated (Stein et al., 2007) . Values for the basal endogenous losses of CP and AA were calculated as the average from 22 experiments conducted at the University of Illinois between 2007 and 2014. The concentrations of digestible AA were calculated by multiplying the concentration of each AA in each source of SBM by the SID of that AA and multiplied by 10 to be expressed in grams per kilogram. Data were analyzed using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). The normality of residuals and outliers were tested using the UNIVARIATE procedure of SAS. Means that deviated from the treatment mean by more than 3 times the interquartile range were considered outliers and removed. Data for the analyzed nutrient and AA composition, concentration of AA as percent of CP, and concentration of digestible AA in SBM were analyzed using a model that included zone as a fixed effect. Data for the AID and SID of AA were analyzed using a model that included the fixed effect of zone and period and the random effect of pig. Least squares means for each zone were calculated using the LSMeans procedure in SAS, and if significant differences were detected, means were separated using the PDIFF option with the Tukey adjustment and pooled SEM were calculated. Results were considered significant at a P value of ≤0.05 and a trend at a P value of ≤0.10.
RESULTS
The concentration of CP in SBM from zone 2 tended to be greater (P = 0.051) than that in SBM from zone 3 ( Table 2 ). The concentration of DM, NDF, and ADF were not different among the 3 zones. The concentrations of most indispensable AA in SBM were not different among zones, but SBM from zone 2 had a greater (P < 0.05) concentration of Thr than SBM from zone 3; this value was not different from SBM from zone 1. Likewise, there was a tendency (P = 0.067) for an increase in the concentration of Leu in SBM from zone 2 compared with SBM from zone 3. Concentrations of most dispensable AA in SBM were not different among zones, but SBM from zone 2 had a greater (P < 0.05) concentration of Gly than SBM from zone 1; however, this value was not different from SBM from zone 3. Soybean meal from zone 2 had a greater (P < 0.05) concentration of Tyr compared with Means within a row lacking a common superscript letter are different (P < 0.05).
1 Zone 1 = Michigan, Minnesota, and South Dakota; zone 2 = Georgia, Illinois, Indiana, and Ohio; zone 3 = Iowa, Missouri, and Nebraska. A total of 4, 11, and 7 sources of soybean meal were collected from zone 1, zone 2, and zone 3, respectively.
2 Th average is for the 22 sources of soybean meal.
3 Means were separated with Tukey adjustment and means within a row lacking a common superscript letter (x,y) tend to be different (P < 0.10).
4 TIU = trypsin inhibitor units. SBM from zones 1 and 3. The concentration of Ala in SBM from zone 2 tended to be greater (P = 0.063) than in SBM from zone 3. However, if concentrations of AA were calculated as a percent of CP, there were no differences in the indispensable and dispensable AA among SBM from the 3 zones (Table 3) . The outlier test identified 2 pigs that were outliers-1 pig was fed SBM from zone 2 in period 7 and 1 pig was fed SBM from zone 3 in period 1. These pigs were disregarded in data analyses and summary.
The AID of CP and the AID of indispensable and dispensable AA were not different among SBM from the 3 zones (Table 5) . Likewise, the SID of CP and the SID of Arg, Met, Thr, Trp, Glu, and Ser were not different among SBM from the 3 zones (Table 6 ). However, SBM from zone 3 had a greater (P < 0.05) SID of His, Asp, and Cys than SBM from zone 2, but these values were not different from SBM from zone 1. Likewise, there was a tendency (P < 0.10) for a greater SID of Ile, Leu, Phe, Val, Ala, Tyr, mean of indispensable AA, mean of dispensable AA, and total AA in SBM from zone 3 than in SBM from zone 2. The SID of Lys in SBM from zone 1 also tended to be greater (P = 0.077) than in SBM from zone 2. There was an effect of period only for the AID of Trp, Val, Ala, Cys, and Glu and for the SID of Thr, Trp, and Glu, but no interactions were observed.
If the concentrations of SID CP and AA were calculated as grams per kilogram, no differences among the 3 zones were observed (Table 7) . There was, however, a tendency (P = 0.075) for an increase in the concentration of SID Thr from SBM from zone 2 compared with SBM from zone 3. Likewise, the concentration of SID Tyr in SBM from zone 2 tended to be greater (P = 0.071) than in SBM from zone 1.
DISCUSSION
The 22 sources of SBM that were used in this experiment were divided among 3 zones. Soybean meal was sourced from crushing plants located within those zones, but the growing locations of the soybeans that were used by the crushing plants were unknown. It is possible that some crushing facilities sourced soybeans from a state located in a different zone, but it is expected that the majority of crushing plants sourced soybeans from the local area; therefore, the differences observed among the zones are believed to be reflective of both growing area 1 Zone 1 = Michigan, Minnesota, and South Dakota; zone 2 = Georgia, Illinois, Indiana, and Ohio; zone 3 = Iowa, Missouri, and Nebraska. A total of 4, 11, and 7 sources of soybean meal were collected from zone 1, zone 2, and zone 3, respectively. Each source of soybean meal was fed to 8 pigs, but 1 pig from zone 2, period 7, and 1 pig from zone 3, period 1, were identified as outliers and removed. Therefore, data are least squared means of 32, 87, and 55 observations for zone, 1, zone 2, and zone 3, respectively.
2 The average is for the 22 sources of soybean meal.
and crushing plant locations. Thus, we used the same approach as any purchasers of commercial SBM would use by knowing the location of the crushing plant but not knowing the exact location where the beans were grown. The concentrations of most AA in the SBM used in this experiment are in agreement with previous data (Cromwell et al., 1999; de Blas et al., 2010; Rostagno et al., 2011; NRC, 2012) . The concentration of total AA for SBM from zone 2 was not different from values previously reported, but the concentration of total AA was less for SBM from zones 1 and 3 compared with previous values (Karr-Lilienthal et al., 2004) . However, Grieshop et al. (2003) analyzed the chemical composition of SBM from 10 processing plants from different regions of the United States. Nine of the 10 processing plants had greater concentrations of AA in SBM compared with the values reported in this experiment, but 1 processing plant in the northern United States produced SBM with an AA concentration that was less than the values analyzed in this experiment. The lack of variability in the AA concentration in SBM collected among the 3 zones is in agreement with data indicating that the variability in AA concentration among sources is less than the variability among laboratories in analyzed values for AA (Cromwell et al., 1999) .
The concentrations of most AA as a percent of CP are within the range of values reported by de Blas et al. (2010) , Rostagno et al. (2011), and NRC (2012) . The observation that SBM from all 3 zones had a Lys to CP ratio that was greater than 6.0% indicates that, regardless of zone, SBM was not overprocessed (González-Vega et al., 2011) . However, the fact that trypsin inhibitor values for all zones were less than 4 indicates that the SBM used in this experiment were also not underprocessed (Chang et al., 1987; Monari, 1993; Lallѐs, 2000) . Thus, it appears that crushing plants in the United States, regardless of where they are located, Means within a row lacking a common superscript letter are different (P < 0.05). 2 Zone 1 = Michigan, Minnesota, and South Dakota; zone 2 = Georgia, Illinois, Indiana, and Ohio; zone 3 = Iowa, Missouri, and Nebraska. A total of 4, 11, and 7 sources of soybean meal were collected from zone 1, zone 2, and zone 3, respectively. Each source of soybean meal was fed to 8 pigs, but 1 pig from zone 2, period 7, and 1 pig from zone 3, period 1, were identified as outliers and removed. Therefore, data are least squared means of 32, 87, and 55 observations for zone 1, zone 2, and zone 3, respectively.
3 The average is for the 22 sources of soybean meal. do an excellent job of processing soybeans to produce SBM with a high protein value providing adequate processing to inactivate trypsin inhibitors but without overheating the SBM. The greater concentration of CP in SBM from zone 2 compared with the concentration of CP for SBM from zone 3 is mainly the result of greater concentrations of a few indispensable and dispensable AA. Soy hulls may be added to the SBM after processing, resulting in a reduction in CP (Stein et al., 2008) ; however, the reduction in CP observed in this experiment for SBM from zones 1 and 3 is most likely due to environmental conditions because values for ADF and NDF were not different among zones. Grieshop et al. (2003) observed reduced concentrations of CP for SBM from the northern United States compared with SBM from the midwestern and southern United States, and Hurburgh et al. (1990) reported that SBM from the northern and western United States tended to have concentrations of CP approximately 1% less than that of SBM produced in other regions. Thus, the observation in this experiment that CP in the SBM produced in zone 1 or zone 3 is less than that in SBM produced in zone 2 is in agreement with previous reports. The reduction in CP in SBM from the northern United States may be the result of fewer hours of sunlight and a shorter growing season, which results in less N fixation by the plant (Dudley-Cash, 1999) .
The AID of AA obtained in this experiment were in agreement with reported values (de Blas et al., 2010; González-Vega et al., 2011; NRC, 2012) , but values for the SID of many AA were greater than some previously reported values (de Blas et al., 2010; González-Vega et al., 2011; NRC, 2012) . The reason for this difference is most likely that a greater endogenous loss of AA was used to calculate SID values in this experiment compared with some previous values.
Whereas SBM from the northern United States contains less CP than SBM from other regions in the United States, it may contain more indispensable AA, which would make it a better quality source of protein (Grieshop et al., 2003) . However, we were unable to verify this hypothesis, and there were no differences in the AID of AA among SBM from the 3 zones. In contrast, the observed differences in the SID of a few AA among zones indicate that the source of SBM may affect digestibility of some AA, but differences were generally small. However, it appears that the location in which the crushing plant is located, and therefore also the location in which the soybeans were grown, may have a small impact on the SID of some AA, with greater values observed for soybeans grown in the northern or western growing areas compared with those of soybeans grown further to the south and east. However, when the SID of the AA were multiplied by the concentration of AA in each source of SBM to calculate the concentrations of SID AA per kilogram of SBM, which is the most important nutritional value, no differences among the 3 zones were observed, with the exception that there was a tendency for SBM from zone 2 to have a greater concentration of SID Thr than SBM from zone 3 and a greater concentration of SID Tyr than SBM from zone 1. Thus, because the concentrations of digestible AA were not different among zones, no rankings can be assigned to SBM from the 3 zones. These observations indicate that neither the quality of protein nor the quantity of digestible AA is different among zones. Pigs that are fed SBM from the different zones will, therefore, receive comparable concentrations of digestible AA regardless of where in the United States the SBM is produced.
Conclusions
The results of this experiment indicate that differences in concentrations of CP and some AA in SBM sources from different areas of the United States exist because a reduction in the concentration of CP and some AA was observed in SBM from zones 1 and 3 compared with SBM from zone 2. Minor differences in the SID of AA were observed, but no differences in the average SID of indispensable, dispensable, and total AA were detected. There were no differences among SBM from the 3 zones in terms of concentration (g/kg) of SID indispensable AA, SID dispensable AA, or SID total AA, although there was a tendency for SBM from zone 2 to have a greater concentration of SID Thr and SID Tyr than SBM from zones 3 and 1, respectively. Overall, although minor differences in the concentrations and digestibility of CP and AA among sources of SBM obtained from different areas of the United States were observed, concentrations of digestible AA were largely constant among sources of SBM regardless of where it was produced. It is, therefore, concluded that the protein value of SBM produced in the United States is not influenced by the geographical location of the soybean crushing plant. Table A1 
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